Several sustainable building rating systems were created worldwide during the last decades due to economic growth and the significance of environmental impact associated with the building industry. Similar infrastructure rating tools have started to be developed and implemented, being highly necessary to promote its development. Even though the existing sustainable infrastructure rating systems are focused on advanced economies, growing environmental concerns are increasing the need for new systems in the Developing World. This research analyses some of the mainstream infrastructure rating frameworks such as Envision (USA), Civil Engineering Environmental Quality (CEEQUAL) assessment (UK) and Infrastructure Sustainability (IS) Rating Tool (Australia) from the perspective of the Triple Bottom Line (economy, environment and society), in order to determine the effectiveness of their application in the context of the least developed countries. The analysis revealed that the three tools are biased towards the environmental dimension and are mainly oriented to developed countries. Consequently, the foundations on which these systems are based need to be further developed and enhanced to be of real relevance in poorer nations by balancing the weight of sustainable pillars, incorporating effective management guidelines and development goals set by United Nations declarations, and considering impacts beyond the single project framework.
Introduction
The Brundtland Commission Report defined Sustainable Development in 1987 as "development to meet the needs of the present without compromising the ability of future generations to meet their own needs" [1] . Sustainability is based on the balance of three key aspects named the Triple Bottom Line (TBL) [2] : Economics, Environment and Social responsibility. Economics seeks to fulfil the main goal of producing a long-term and positive economic impact, whilst Environment encourages organisations to benefit the planet as much as possible through sustainable practices, including the consideration of negative factors to the environment. Social responsibility aims to improve the lives of those with whom the projects interact. The well-being of users, workers, community members and other stakeholder interests should be considered as interdependent variables in Sustainability assessments [3] . As a consequence of the rising energy consumption and greenhouse gas emissions in the last century, which accounts for 30 and 40% of the total quantities for the building sector in developed countries [4] , climate change has accelerated the development of international declarations and policies to preserve the environment and foster the use of assessment systems aimed at improving Sustainability.
Sustainability assessments have been defined as the processes of identifying, predicting and evaluating the potential impact of different initiatives and alternatives on the Triple Bottom Line (economy, environment and society) [5] . Furthermore, rating systems provide an effective framework for assessing environmental performance and integrating sustainable development into building and construction processes. They can be used as design tools by setting sustainable design priorities and goals, developing appropriate sustainable design strategies and determining performance measures to guide sustainable designs and decision makingprocesses [6, 7] . Amongst them, rating tools for buildings emerged more than two decades ago [8] in the UK and US before spreading worldwide. The most relevant are LEED (Leadership in Energy and Environmental Design) in the US [9], CASBEE (Comprehensive Assessment System for Building Environmental Efficiency) in Japan [10] and BREEAM (Building Research Establishment Environmental Assessment Method) in the UK [11] . The building industry boosted the utilisation of these systems primarily for commercial buildings in the US due to the greater quantity of resources required in relation to the whole sector: 72% of electricity consumption, 39% of energy use, 38% of carbon dioxide (CO2) emissions [12] , 40% of raw materials use, 30% of waste output and 14% of potable water consumption.
On the other hand, the use of assessment tools focused on major infrastructures has not been very common so far. Several score ratings have been developed by various public and private institutions to assess highways and roads, but only three of them (Envision in the USA [13] , CEEQUAL in the UK [14] and the Infrastructure Sustainability (IS) Rating scheme in Australia [15] ) are able to evaluate all types and sizes of civil infrastructures, including ports, airports, highways, dams, bridges, wastewater treatment facilities, tunnels and railways.
This research aims to compare and assess existing sustainable infrastructure rating tools to determine whether any of them can be effectively implemented in developing countries. The effect of urban development is examined under the perspective of its impact in the social and economic transformation of countries. Although green community frameworks are widely used to monitor the sustainable development of cities, infrastructure systems can provide a complementary tool to promote the balanced consideration of all TBL principles. Since most megacities are located in the least developed world, the implementation of infrastructure rating systems in these countries is a key factor to improve their sustainable development over the next decades. The article continues with a description and comparison of the three main existing infrastructure rating systems in terms of their compliance with sustainability, in order to identify the differences between developed and developing countries that need to be considered for their application in poorer economies. As a result, some principles and goals emanating from several United Nations Declarations, which seek to mobilize efforts through sustainable development worldwide, are suggested for incorporation into sustainable infrastructure frameworks.
The effect of urban development on sustainability assessment systems
The world is predominantly urban. 10 % of the world's population inhabited urban areas at the beginning of the 20th century. By 2012, 50 % of the global population lived in urban areas, a percentage which is expected to rise to 70 per cent by 2050 [16] . Today, 3.6 billion urban dwellers are distributed unevenly among urban settlements of different sizes and more than 7 of every 10 urban residents in the world are found in developing countries. The level of urbanisation is expected to increase in all major areas of the developing world over the coming decades, with Africa and Asia urbanising more rapidly than the remaining continents [17] . The importance of urban areas is also confirmed by the diffusion of megacities of more than 20 million people, which are gaining ground mostly in the developing countries of Asia, Latin America and Africa [18] .
Consequently, urbanisation will become a prominent trend over the next decades that should be meticulously considered in the assessment of sustainable development, in particular for poorer economies.
Urbanisation has the power to transform the social and economic fabric of countries. Cities are responsible for the biggest production and consumption of resources worldwide and are the main driver of economic growth and development, with about three-quarters of global economic activity coming from urban settlements. Urban population growth stimulates the urban share of global gross domestic product (GDP) and investment. The opportunity for development in countries can only be approached through sustainable urbanisation [19] , which emphasises the economic and social importance of urban areas and also their poor environmental sustainability.
Urban projects promote the development of urban infrastructure through the encompassment of a very broad group of activities related to urban planning, urban design and architecture, transport studies, economics, ecology, geography, sociology, water management and engineering, waste management, energy engineering and economics, landscape planning and building architecture. Urban policy design is one of the most challenging problems for decision-makers because rapid urbanisation has increased the need for better governance of towns and cities. There are a number of different policy areas that need attention, including planning, housing and slum upgrading, land, energy and climate change, reconstruction and resilience, as well as infrastructure (transportation, water and sanitation), all of which should be added to the complexity of modern-day policy decision-making [20] .
Sustainable urban development has become a powerful framework for developing solutions that improve the quality of life at a local level and can also be an important component to respond to the broader global environmental crises [21] . Urban planners have taken up the challenge of designing urban areas across the globe in ways that leave a smaller ecological footprint. Cultural values, education and citizen and community participation are all crucial aspects to consider when defining, measuring or implementing sustainable urban development policies and practices.
The difficulties in assessing sustainability in the urban environment are greater because of the lack of boundaries between the entities evaluated. Sustainability assessments at community and city scales are much more than the summation of individual green elements, because the scaling-up effect results in complex interactions that significantly alter the results obtained at building scale [22] . New frameworks for communities have been developed within the past years as an evolution of the sustainable building rating systems mentioned in the previous section in order to avoid the building scale factor. The most well-known systems are BREEAM Communities (Com) [23] , CASBEE for Urban Development (UD) [24] and LEED for Neighbourhood Development (ND) [25] .
BREEAM Com consists of forty individual assessment issues spanning five technical categories, plus a sixth category called "Innovation" for new and innovative technologies and practices. Each issue addresses a specific large-scale sustainability impact and is grouped within one of the five main technical categories: governance, land use and ecology, resources and energy, social and economic wellbeing and, transport and movement. Governance ensures the community involvement and leadership in the project, whilst land use and ecology improve biodiversity. The reduction of carbon emissions and use of natural resources is targeted by the resources and energy category, whereas healthy economy, socially cohesive community and the minimisation of impact on the health and wellbeing of inhabitants are goals sought by the social and economic wellbeing categories. Finally, the transport and movement category aims to create a safe and efficient transportation system for people and vehicles. CASBEE UD considers two main kinds of criteria: performance and environmental loads. Performance criteria include factors such as the natural environment, quality of services and the contribution to the local community, whereas the environmental loads cover aspects related to impact on the local environment, social infrastructure and management of the local environment. The LEED ND system rates neighbourhood development with at least two habitable buildings and an area no larger than 1,500 acres according to five categories: smart location and linkage (SLL), neighbourhood pattern and design (NPD), green infrastructure and buildings (GIB), innovation and design process (IDP) and regional priority credit (RPC). SLL encourages the development of existing communities and public transit infrastructure, fostering the improvement and redevelopment of existing urban spaces and limiting the expansion of the footprint. The conservation of land, the promotion of liveability, walkability and transportation efficiency and the reduction of public health risks by encouraging daily physical activities like walking and bicycling are assessed by NPF. GIB stimulates the design, construction and retrofit of buildings that use green building practices. IDP awards exemplary and innovative performance above and beyond the existing credits in the rating system, as well as the value of including an accredited professional in the design team, whilst RPC encourages projects to focus on earning credits related to the significance of the project to the local environment.
Another concept related to urban development that has taken hold in recent years is sustainable urban infrastructure [26] . This concept refers to infrastructure that facilitates the progress of a region towards the goal of sustainable living. Sustainable design can lead to the development of sustainable communities by ensuring that infrastructural knowledge provides improvements that do not deplete natural resources. Consequently, the transition toward and mass adoption of renewable resources feature heavily in sustainable infrastructure through public transport networks, the fostering of initiatives and programs for distributed generation and integrated energy demand management, high efficiency buildings, green buildings and sustainable habitats with energy-efficient landscaping, connected green spaces and wildlife corridors and low-impact development practices to protect water resources. 
Civil Engineering Environmental Quality (CEEQUAL)
The CEEQUAL trained-assessors evaluate project/contract strategy and performance following a score scheme which includes a range of environmental and social issues arranged in nine sections and 48 sub-sections from the perspective of the three key stakeholders (Clients, Designers and Contractors) involved in the project (see Table 2 ). "Project Strategy" assesses the link between the project and sustainability, as well as its contribution to sustainable development. "Project Management" considers how sustainability issues are being incorporated into the overall project management. "People & Communities" includes the assessment related to people affected by projects, the potential effects on the local population and the important actions of consultation and engagement with project stakeholders. The "Land use & Landscape" category attempts to monitor the efficient use of land as a scarce resource. "The Historic Environment" comprises those buildings, structures and other features which have survived in the current landscape, townscape and seascape as evidence of environmental management over past centuries. "Ecology & Biodiversity" takes into account concerns about the damage to wildlife habitats and the species that occupy them. "Water environment" aims to protect fresh and marine water bodies. "Physical Resources -Use & Management" gives consideration to the responsible use of construction materials and how to deal with them at the end of their lifetime. Finally, "Transport" evaluates a wide range of effects such as land use changes, road accidents, air, noise and water pollution, as well as the consumption of resources. Four levels of achievement are considered in CEEQUAL: Pass (more than 25%), Good (more than 40%), Very Good (more than 60%) and Excellent (more than 75%). CEEQUAL encompasses two different manuals: CEEQUAL for Projects and CEEQUAL for Term Contracts. CEEQUAL for Projects was specifically created for the assessment and rating of all types and scales of civil engineering, infrastructure, landscaping and public realm projects, including infrastructures associated with building developments. Depending on the location of the projects, the score is available in two editions: CEEQUAL for International Projects and CEEQUAL for UK & Ireland Projects. The re-assessment of CEEQUAL weights is always recommended to reflect the adequacy and relevance of the credits included in the system according to the priorities of other countries, wherein the environmental, social and economic concerns can differ significantly from those considered for the UK. In the case of developing countries, social and economic aspects take precedence over environmental concerns. Therefore, it is crucial to understand the level of human development in these countries, in order to appreciate their priorities and perceptions for infrastructure sustainability [27] .
CEEQUAL for Projects has six types of Awards according to stakeholder involvement and the project stage considered in the application form. The Whole Project Award (WPA), jointly applied by or on behalf of the Client, Designer and Principal Contractor(s), is verified and awarded at the end of construction, whilst the Whole Project Award with an Interim Client & Design Award enables the project team to undertake an assessment during the design stage of WPA, which is superseded once the project and the WPA are completed. The Client & Design Award implies a joint application by the client and designer before the start of construction, whilst the Design Award is only for principal designer(s 
Infrastructure Sustainability (IS) Rating Tool
As a consequence of the presentation given in Table 3 shows the IS rating scheme Version 1.0, which consists of 15 Categories organised in 6 topics. The rating tool is based on three performance levels: Design, Build and Operation ratings. A Design rating can be awarded after the inclusion of sustainable elements and construction requirements in the project's design.
Once the planning and design phases are completed, requirements for sustainability and performance during construction are assessed. The Build rating is awarded after the end of project construction and replaces the Design rating. In order to be awarded an Operation rating, the asset must have completed at least a period of twenty-four months of operation. Achieving Design or Build ratings is not a requirement for Operation rating. Three levels of achievement are considered by the IS rating tool: Commended (25 to 50 points), Excellent (50 to 75 points) and Leading (75 to 105). 
Envision Sustainable Infrastructure rating system
Envision was created by a strategic alliance of the Zofnass Program for Sustainable Infrastructure at the Harvard University Graduate School of Design and the Institute for Sustainable Infrastructure (ISI). ISI launched the Envision Version 2.0 in 2012. Similar to its building counterpart (LEED), this planning and design guidance tool provides industry-wide sustainability metrics for all infrastructure types.
Envision Version 2.0 Stage 2 has 60 sustainability credits consisting of a series of yes/no questions arranged in five categories that address major impact areas in terms of the Triple Bottom Line pillars (see Table 4 ). Envision provides innovation points for projects with advanced sustainable infrastructure practices or exceptional performance beyond expectations. Five levels of achievement are defined by Envision to assess performance and foster project improvement: Improved (performance is above conventional); Enhanced (sustainable performance adheres to Envision principles); Superior (sustainable performance is noteworthy); Conserving (performance results in zero impact); and Restorative (performance restores natural or social systems). There are 4 Envision award levels according to the percentage of credits obtained: Bronze (20 to 30%), Silver Award (30 to 40%), Gold Award (40 to 50%) and Platinum Award (over 50%). Even though ISI does not consider economic assessments, some of its Chartered members have created some tools for that purposes, such as Business Case Evaluator, PRISM, Sustainable Return on Investment (SROI) and the Zofnass Economic Process Tool. Business Case Evaluator provides a value-based and riskadjusted analysis of storm-water infrastructure projects and maps. PRISM is an evaluation tool used for evaluating Triple Bottom Line factors using risk-based dollar equivalents. SROI is a framework to measure the Triple Bottom Line impacts of a project that determines the full value of a project and develops tangible metrics to assess the total investment value. Finally, the Zofnass Economic Process Tool offers a way to quantify sustainability impacts in infrastructure projects based on Envision.
Discussion
In the previous section, the three main existing sustainable infrastructure rating tools have been briefly described, including their backgrounds, score schemes of current versions and levels of achievement and awards. In this context, the aim of this section is to evaluate the suitability of these frameworks in developing countries. To this end, the main aspects to consider for the application of infrastructure rating tools in these countries is discussed and the existing sustainable infrastructure systems are compared and reviewed in terms of the TBL, in order to evaluate their applicability in developing countries according to the United Nations Declaration.
Developing countries in the context of Sustainable Infrastructure Rating Tools
There are different considerations in developed and developing countries in terms of the needs to be covered by sustainable infrastructure rating tools, mainly due to different national priorities and strategies. This section enumerates special features of poorer economies in comparison with advanced ones which must be considered in the assessment of existing frameworks for their application in developing countries.
The Human Development Index (HDI) is a composite statistic of life expectancy, education and income per capita used by the United Nations to rank countries, such that those countries with a HDI below 0.8 are considered developing countries [28] . Nations with low human development indices are likely to emphasise paternalistic socio-economic development instead of environmental aspects when formulating their sustainability agenda in the short to medium term [27] . Social priorities are associated with the stimulation of micro-economic activities and the capacity of building through the generation of employment and other interventionist socio-economic policies.
Developing countries require a major increase in infrastructure investment to reduce growth constraints, contribute to urbanisation needs and meet their development, inclusion and environmental goals. Global trade plays an important role in the development of countries and consequently in infrastructure. This includes traditional transport infrastructure such as roads, railways, ports and information technology infrastructure. The investment budget is predicted to rise from the current level of $1 trillion per year to approximately $1.8-2.3 trillion per year by 2020, assuming 4% of annual growth rate of the Gross Domestic Product (GDP), which means about 3-8% of total GDP. An additional $200-300 billion is also destined to measures aimed at ensuring lower emissions and more resilience to climate change [29] .
The concentration of world population in cities and the rapid growth of the number of megacities in the world, which are phenomena mainly located in developing countries, emphasise the key role of infrastructure in urban development in order to achieve the goal of sustainable living. Urban settlements as the main driver of economic growth and development require particular attention to be paid to social and economic aspects without neglecting environmental issues. The development of sustainability in urban areas requires a balance among urban development, environmental protection and the specific demands of citizens (incomes, employment, shelter, basic services, social infrastructure and transportation) [30] .
Stakeholders in less developed economies often allocate different weights to different sustainability areas depending on the prevailing problems in society. Some indicators such as health and safety are vulnerable to shifts in the definition and prioritisation of the core elements of sustainability by society. However, this approach raises some issues related to intergenerational priorities in sustainability and the subsequent associated risks, which makes the design of sustainability risk management strategies necessary.
Developing countries prefer indicators that are measured based on their compliance with statutory and regulatory provisions. Consequently, the existing approach to enforce sustainability practices is predominantly accomplished through command and control structures in the form of ordinances and statutory guidelines. A better and more efficient approach might consist of the establishment of responsible sustainability practices driven by economic forces.
The temporal space-time dimension of sustainability necessitates the development of generic but flexible decision support tools that facilitate the selection of indicators based on country and location-specific needs through the study of the local priorities in relation to the sustainability agenda and the incorporation of international indicators. Developing countries subscribed to internationally accepted sustainability metrics need to address their local situation as a part of overall international development strategies. Sustainable infrastructure rating systems are suggested as useful frameworks to implement and monitor sustainable performance indicators and green infrastructure practices in these countries.
Comparison of mainstream Sustainable Infrastructure Rating Systems
There are many commonalities among Envision, CEEQUAL and IS to ensure and assess sustainability in infrastructure projects. Although they all include the main aspects of sustainability emphasising particular criteria, the boundaries that delimit whether a project is sustainable or not are not clearly defined. Process and outcome assessments are often mixed in these approaches, which also have differences in the way in which they address the different sustainability needs that appear at different stages of project life-cycle. Furthermore, the importance given to management by these systems in the sustainability assessment is very unequal [31] . Table 5 summarises the main criteria of the examined sustainable infrastructure rating systems. The environmental dimension is mostly considered through very common aspects such as GHG emissions, habitats and biodiversity preservation, pollution (air, lighting, noise and water), energy consumption (renewable resources and efficiency), flooding risk, land use and more efficient resource management. These frameworks deal with the social dimension through general community issues such as stakeholders' engagement, communication, health, well-being and historical and cultural heritage. Management covers further aspects such as procurement, project and risk management, decision-making processes and regulations and policies. Finally, the economic pillar focuses on workforce conditions, sustainable growth and development, improvement of the community's quality of life and connectivity. All points awarded by the tools can be grouped into the three sustainable pillar categories as shown in Table  6 . Only the superior level of achievement has been considered for Envision, because its sustainable performance is similar to CEEQUAL and IS systems. The share of points awarded by CEEQUAL, IS and Envision included in Table 6 reveals that all systems are fundamentally dominated by an environmentallybased approach. The average trend in the three systems reflects that Environment is the most relevant category with around two thirds of the total score, whilst Society and Economy represent around 20% and 10% of points, respectively. This unbalanced integration of the sustainability dimensions may lead to the promotion of weak sustainability [32] . The score thresholds leading to the different levels of achievement established by the three systems show that limits are approximately equally set in CEEQUAL and the IS rating system, whilst Envision Superior displays an important difference. Despite CEEQUAL and IS require higher score to reach the top level of achievement with around 75% of all points, Envision, which only needs 50% of those points, puts a strong focus on some criteria (e.g. restorative actions) that can make it even more demanding in some ways.
Assessment of Sustainable Infrastructure Rating Systems for their application in developing countries according to the United Nations Declarations
The United Nations Conference on Environment and Development held in Rio de Janeiro in 1992 [33] reaffirmed the Declaration of the United Nations Conference on the Human Environment, adopted in Stockholm on 16 June 1972, which established a new and equitable global partnership through the creation of new levels of cooperation among states, key sectors of societies and people, in order to subscribe international agreements that respect the interests of all and protect their integrity worldwide. Amongst the 27 principles proclaimed in that Declaration, principles 11 and 22 directly affect sustainable infrastructure rating systems. Principle 11 declares that states shall enact effective environmental legislation, so that environmental standards, management objectives and priorities should reflect the environmental and development context to which they apply. Standards applied by some countries may be inappropriate and of unwarranted economic and social cost to developing countries. CEEQUAL is capable of scoring projects worldwide by undertaking an analysis that ensures the system reflects the needs of the country in question and modifies the UK baseline scheme through the re-assessment of weights. In contrast, Envision and IS are exclusively oriented to their geographical context: North America (US and Canada) and Australia and New Zealand, respectively. In order to be in line with the terms of principle 11, the three systems should include all the sustainable priorities and needs for the countries where they will be applied. Similarly, principle 22 states that indigenous people and other local communities have a vital role in environmental management and development because of their knowledge and traditional practices. States should recognise and support their identity, culture and interests and enable their participation in the achievement of sustainable development [33] .
As shown in Table 5 , CEEQUAL, IS and Envision rating systems omit significant aspects in the social dimension such as equal opportunities, organisational capacities and education, poverty or indigenous communities. The UN Millennium Declaration [34] sets out a framework of 8 goals, 18 targets and 48 indicators to measure progress towards the Millennium Development Goals (MDGs) with a deadline of 2015 (see Table  7 ). At the end of this period, this document was superseded by the 2030 Agenda for Sustainable Development [35] , which sets forth an action plan with 17 Sustainable Development Goals (SDGs) and 169 targets, in order to enhance the scope of MDGs. The MDGs approach was adopted by experts from the United Nations, the International Monetary Fund, the Organisation for Economic Co-operation and Development (OECD) and the World Bank. Even though MDGs involve problems common to all countries worldwide, the pronounced disparities between developed and the least developed nations lead to paying much more attention to their achievement in the latter. Amongst all Millennium Development Goals, some targets of Goals 1, 3, 7 and 8 should also be covered by the rating systems for infrastructure projects in developing countries. The remaining MDG goals are oriented to education and health issues. Goal 1 ("Eradicate Extreme Poverty & Hunger") targets halving the proportion of people whose income is less than $1 per day and the proportion of people who suffer from hunger. Rating systems can contribute to monitoring the economic effect of projects in the reduction of poverty through the extensive use of local manpower and supplies to promote local sustainable growth. Goal 3 ("Promote Gender Equality and Empower Women") seeks the elimination of gender disparity in primary and secondary education, preferable by 2005, and at all levels of education before 2015. The increasing and gradual incorporation of women into the labour market should be accompanied by policies of equal gender education and wages, reinforcing the role of women in society.
Goal 7 ("Ensure Environmental Sustainability") aims to integrate the principles of sustainable development into countries' policies and programs and reverse the loss of environmental resources. In addition, it intends to halve the proportion of people without sustainable access to safe drinking water and basic sanitation. Effective management frameworks are highly necessary to address sustainable development, where basic sanitation and drinking water are the main priorities. Goal 8 ("Develop a Global Partnership for Development") targets developing a financial system to improve governance and address special needs of poorer economies such as debt problems, youth employment, poverty reduction and access to benefits of new technologies.
From the economic perspective, there are three relevant subjects that should also be deeply considered and incorporated into the three analysed sustainable infrastructure rating systems: the evidence that projects support sustainable growth and economic development, the financial viability of projects and their contribution to the reduction of poverty as stated in Millennium Development Goal 1. Whilst sustainable growth and economic development issues are taken into account in some Envision credits such as QL 1.1, QL 1.2 and QL 1.3, CEEQUAL and IS systems omit the meaningful economic subjects above mentioned.
The lack of definitive management guidelines to establish key elements that constitute a sustainable project often confuses project owners, consultants and other stakeholders. Some of them apply their own notions about sustainable development based on their particular interests through some newly created systems. However, most of them do not provide an effective connection between the overall goals of sustainable development and the projects that move society towards these goals. The implementation of sustainability management and reporting systems is crucial in order to meet project goals for sustainable development and measure progress towards the goals, while describing performance through a series of sustainability factors such as economic, environmental, social and corporate governance performances [36] .
The addition of these relevant subjects to infrastructure frameworks contributes to balancing the relevance of the three sustainable pillars in the achievement of sustainable development goals, in particular in developing countries where these factors play a much more crucial role than in developed economies. Sustainable procurement describes the consideration of environmental, social and economic parameters in addition to the conventional ones of cost, time and quality for selecting suppliers and service providers. These considerations require that suppliers report the sustainability impact of the materials and products they offer, such as the consumption of waste, carbon and water, the contribution to the local economy through the use of local labour and the incorporation of sustainability criteria in the local community engagement process.
Designers and contractors also collaborate with suppliers to deliver the final product according to required sustainability standards. Pre-qualification of consultants, designers or contractors is highly recommended to minimize risks during the procurement process. Even though the CEEQUAL, Envision and IS rating tools include best sustainable procurement practices, they should promote their extensive use through an effective combination with project management practices to enhance the contribution to social and economic dimensions.
Conclusions
This article analyses the suitability of current sustainable infrastructure rating systems, namely CEEQUAL, Envision and IS, by taking into account some factors that can affect sustainability assessment in the least developed countries, such as the effect of urban development, the particular context of developing countries and the United Nations Declarations related to international development. The main conclusions drawn from this study are summarized as follows:
The three available infrastructure tools analysed are biased towards environmental concerns in detriment of the economic and social dimensions, which are a top priority for developing countries, where the promotion of economic growth and sustainable living is a prevailing goal. Furthermore, existing frameworks are mainly oriented to advanced economies where they were originally launched. Therefore, an exercise in understanding and incorporating priorities and needs of poorer economies into current systems is highly necessary to validate their successful implementation in these geographical areas.
Management is arisen as the fourth pillar to support the Triple Bottom Line. The lack of definitive management frameworks requests the implementation of a wide range of guidelines related to project & risk management and sustainable procurement that can enhance the contribution of project stakeholders. These directives should be accompanied by effective reporting systems and suitable metrics and indicators based on the needs of poorer countries that are able to monitor and measure progress towards sustainable goals.
Although some green building rating tools such as BREEAM Communities, CASBEE for Urban Development and LEED for Neighbourhood Development are widely employed to assess the degree of sustainable development of communities and cities, sustainable infrastructure frameworks can also complement them through the balanced consideration of the Triple Bottom Line. The principles proclaimed in the Declaration of the United Nations Conference on the Human Environment and the Millennium and Sustainable Development Goals should also be included in sustainable infrastructure tools. Even though all principles and development goals are applicable worldwide, some of them should be specifically incorporated to frameworks focused on developing countries because of their distinctive context. The development of infrastructures may also trigger some interrelationships between social, economic and environmental risks, which were not included in the assessment because they overcome considerations of single projects. The long lifespan, broad spatial effects and inherent uncertainty of infrastructure projects mean that they often cause impacts that may be difficult to manage. Infrastructure projects are particularly susceptible to climate change and natural disaster risks that can be specially accentuated in the least developed countries. This component also serves to reaffirm the intimate linkage of all sustainable pillars (economy, environment, and society) to understand the meaning of Sustainability. The predominant role of one of these aspects in detriment of the rest can seriously affect the achievement of goals derived from the implementation of infrastructures in developing countries, where their own idiosyncrasies make them more vulnerable.
In summary, the increasing relevance of infrastructure in the least developing countries heightens the need for further analysis of their particular context, not only in order to redress the omission of the main site-specific issues in the conception of rating systems, but also the inclusion of sustainable impact assessments beyond the single project framework and the appropriate consideration of the development goals set by United Nations declarations.
